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(54) Reception of multicarrier signals over power lines 



(57) An Orthogonal Frequency Division 

Multiplexed (OFDM) power line communications system 
comprising a power line for distributing electricity to 
a plurality of premises and a communication station 
coupled to the power line at one of the premises, which 
station uses a part of the power line external to the 
premises as a communications medium. The 
communications station includes a receiver which 
comprises a dipping system adapted to dip an incoming 
OFDM data waveform, which includes a regular 
impulsive noise component, so as to reduce the level of 
noise on the waveform. 
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Description EP1 011 235A2 

TECHNICAl FiFin 
[0001] 



BACKGRfll IMP OP T HE INVFNITIOM 

. SSL. lzzsztszjssstsz rr„:ir. tsar. « 
set T™*.!™ *? °' ,he ww ' ss* mssrss sr s •* m Ba *» a 

i»?aL, J? probtem, with using power inn as a communions medium o that the, are subject to noise 

FSLh^Si? r ansmissi0 " is one of several ^ for delivering communications to subscriber premises and 

M^^JSLSiraS^ tiering . „„ mum «. kw „ 9 „ n0 , 

4s [0008] However, the applicant believes two schemes to be acceptable, as follows: 

.ffi^T Ph f K T 9 QPSK ° n 3 single carrier ^ raise « csine filtering has sufficient spectral 

50 Orthogonal Frequency Division Multiplexing OFDM with QPSK modulation on the sub-carriers results in a soectral 

ie nontpoaeo n, , tetgo J. o, ^^C^^ir^nC^^IS 
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individually occupying a low bandwidth, as illustrated in Figure 1 



■ * - u« muouaicvj in riyuic l. 

lZ* i k u The scheme ' s flexibility comes about from the ability to designate which sub-carriers are t« h* ^ ♦ ^ 

nf li..^ B submitted that one rea sor. for the non-use commercially at present of OFDM or COFDM is nr„hi* m 
SUMMARY OF THE INVFMTinM 

Eea P ;sis;s:: nte or overcome ^ above probiem ' and — - - 

[0014] According to a first aspect of the present invention there is provided an OFDM nnw«r ii n . 

[0015] Preferably, when the receiver is arranged to receive a coded OFDM sianal fCOFniw */hor*i« ^ ~r • 

lOOim ArnoT 6 ? ° f impUlSe P0Wef Spreadin 9 across the OF °M frequency cells 

0020 *!! Si f alS 3re 0Ver 1,16 Dower line on radio frequency (RF) carriers 

52L P "? ^ the Si9nalS are Carried over 0,6 P° wer line in *e frequency band greater than 1 MHz 
Preferably, the agnate comprise data packets which are transmitted with a bit rate of at leLt 500kbps 

S cooSST" 3 ' ° f ^ Pr6Sent inV6nti0n *~ * Pr ° Vided a " ° FDM p « communions 

- a power line for distributing electricity to a plurality of premises; and, 
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[0027] The data that is carried in this system can be used for computer applications such as home workino file 
transfer, internet access and a wide range of other applications. 9 ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

E'o^wJ 6 ^ und «"*? n *!a of the inventi °n. ^d to show by way of example how it may be carried into 
effect, embodiments will now be descnbed with reference to the accompanying drawings, in which: 

Figure 1 illustrates a plurality of individual OFDM sub-carriers; 

component 1 " 81 ^ 68 " " ° FDM sulw:arrier of Fi 9 ure 1 - includin 9 an undesirable impulse noise 

Figure 3 shows a system for communicating over a power line; 

Figure 4 shows a power line communications network which couples to the system shown in figure 1 ; 

Figure 5 shows typical background noise on a power line of the type shown in figure 1 ; 

Figure 6 shows a typical impulsive noise spectrum; 

Figure 7 shows probability of impulsive noise occurring on a power line; 

Figure 8 shows typical duration of impulsive noise bursts; 

Figure 9 shows a further example of impulsive noise on a power line; 

Figure 10 illustrates a receiver in accordance with the present invention; and 

Figure 1 1 illustrates an OFDM power line telecommunications system in accordance with the present invention. 
DESCRIPTION OF PREFERRED EMBODIM FNTS 

ITr^tJT* feV ! eWi ?^ the appli . ca,ion of OFDM or COFDM to power line telecommunications systems the 
technical field of power line telecommunications will be described in more detail 

[0030] Figure 3 shows an electricity distribution network which is adapted to carry telecommunications signals 
SENSES th h- H etW0 ^ ^ an 1 1kV ° r 6 6kV Emission line 105 and is transformed by subifen 
IrS^L It Zl "P^/"'^' 8 ^red over distribution cable 120 to customer premises S1 to S6. A substation 100 
typically has between 4 and 8 distnbutjon cables of the kind shown as 120, 121 leading from it each distribution 
2£ 1 S ™ m9 8 nUm M r ° f 5 remiSeS ' A distributi ° n cable can extend for several hundred™ metes SKEfon 
cable 120 compnses blue, red and yellow phase lines and a neutral line. Subscriber communications stations TR> are 

2K! 1* ?°H USeS ° r O^T*- A M System Wl ' 11 usual| y include ™ e than me sfpre^S ^ shown here 
and will typically .nclude a more elaborate tree-and-branch distribution network. Subscriber premises mav receive a 
single phase electncrty supper (230V) or a three-phase electricity supply (400V) DomXstabe premises 
usualV receive a angle phase supply and neighbouring subscriber premies are usually Coupled ^to dwLnt ohasl 
lines. In figure 1 subscnber S1 is shown coupled to the red phase line, and subscriber S2 te coupled to the velfow 
phase line. This helps to distribute the load of the network evenly across the three phases V 

£°™,m 0 H StaSOn B 5 ?-K UP J 6S data communica «°ns signals onto distribution cable 120. The base station can 

£ ° °r more distnbution cables 120 at a point near to substation 100, as shown in figure 1 or it may 

be coupled to the bus bars at substation 100, the bus bars acting as a star point for servino a\\ of the 

T^\^%J^ COmmU ^ 0 ^ ^ propa 9 ate over the cabte to transcS stations a" subscriber 
S S1 to S6 ' *«» a coupfcng unrt CU 151 coupling the communications signals to/from the power Hne 
Subscnber premises couple to a phase line of distribution cable 120 by a branch line 150 In the upstream Mo n 
communications signals are transmitted from the subscriber transceiver stations ^ towards ?he baTe Son' 
Communications signals are preferably transmitted between a phase line and neutral or earth 
[0032] Figure 4 shows a top level diagram of an example power line communications (PL) system configuration 
I Lnnt^H t°T ter co T cts „ t0 the customer P re ™«* equipment (CPE), within the cus omer premised The CPE 

zttsz^^xssr daisy chain - Wrthin the core network a ™ a ri: 

impropriate ' ntra " et ' ntemet * aVa * abie directly or indirect| y ^a the core network, via gateways where 
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[0034] 



s ^setks? — — • «• ^ssskel* range) one 

e.ec,riy «£ST ^£2? jS d6pendent °" «» - characters of the 

best match mSZi l^Sc^tr^St 6 ^ ^ a " 0WS CPEs to be configured to 

20 capable of being configured across Te ^M from S^LE" 1 "'*. Where a PP r °P"ate, such parameters ^ be 
frequency bands and data rates as the CP&SnSdX FSfiT"* SyStem - The base sta «°n supports Kame 
au^omafically swrtch to the frequency and £SK3 £ ^"^""""".catng any CPE , the Base sSon ^ 

composing JZ^ZSS^T S£ ^JZS^ °l ^ h constant* present 

have been found to occur up to five times n« wer ,ne for several seconds. In the worst case tholl 

Quadrature pJ^TfiTSSc m&fen^u^ ^"V techni < u - ™ a -**". uses 

common frequency band with the upstream £f£J2L£^ a " d dow "stream transmissions preferaKnarel 
10044] The range over which the 7nk can bTSSS 1 ^l™ 8810 " 8 ° CCUpying different * ^ 3 

* JKf* di8t R b f Uti0n Cab ' e ^ ' S d6Pendent ° n ' 0SS Characteristics ° f 

distances fromte n L2 a 'slI S1 to S6 are sited at increasing* greater 

55 [0046] The factors affecting CNR of a signal received at a station are: 
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(0 attenuation for the path between the transmitting and receiving stations, and. 
(ii) noise level on the power line. 
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the\a 9 s e es2n C0rreSPOndS * *" "v*™" 9 ™™ t0 noise ratio < CNR > tof sited progressive* closer to 



OFDM/COFDM 



rXr SO^ndudi^T 68 f OF ?M Power line modem receiver 50 in accordance with the present invention The 

spa raw to fi td e, = g eLs^ a: «* s g 

analogue signal is then converted to a digital signal in an A/D converter 58 P S,gnaL The 



Total Bandwidth Coverag p 
[0054] 



is 5*** nefthe'r necesL a rnoV al^ ""*«■* f " a case 

Se^X^ 

Eined J?5!Sia in e th n e C aT rated ^ deP3rtn9 ^ SC ° Pe w S ^ ° f the —n, as 



Claims 
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preventing corruption of the data in the waveform upon detection 

7. The method of 4, wherein the signals are carried over the power line on radio frequency (RF) carriers. 

8. Jfhe method of claim 4, wherein the signals are carried over the power line in the frequency band greater than 1 

9 ' JaasXbpV* C ' aim *' Wherei " Si9na ' S C ° mPrtSe d3ta Packets which are transmitted with a bit rate of at 
10. An OFDM power line communications system comprising: 

- a power line for distributing electricity to a plurality of premises; and, 

- a communication station coupled to the power line at one of the premises which station uses a nart nf th* 
power line external to the premises as a communications medium, P the 
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Configuration: 

Start 5 MHz 
Stop 5 MHz 
Swp T 0.2 s 
Ref. -10 dBm 
UBW 100 kHz 
RBW 100 kHz 
Atten. OdB 



0 20 ?0 60 80 100 T20 140 160 180 ~200ms 



Fig. 9 
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Figure 10 
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